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Cubscripts : 

1 

2 

a 

b 

c r  

refers t o  conditions a t  higher pressure o r  temperature 

r e f e r s  t o  conditions a t  lower pressure o r  temperature 

a i r  

burned mixture 

c r i t i c a l  

mamsIs AND DISCUSSION 

S i.mp’1. if i e  d Xe tliocl of T hermociynamic C omput a ti on 
I 

Idea l  turbine nomr a .l.able. - If the heat t r ans l e r  t o  t h e  - -*__-_. 

surrounding medium i s  neg?ected, the eq-aation f o r  t h e  conservation 
of energy gives the f o?.loring; r c l a t i o n  between the  energy a t  the 
entrance and e x i t  of tho turbinr; arid the work 7Jl 
u n i t  w i g h t :  

done Sy the gas per 

The quant i ty  rT c dT is call-ed the enthalpy, or heat  content, aild 
.-!o P 

is usually d c s i y a t e d  
heat, equation (1) reduces t o  

h, For an idea l  gas having a constant specif-ic 

If it is assumed t h a t  t h e  spec i f i c  heat i n  e:luation (1) do, ps n9t 
vary appreciably f r o n  i t s  i n i t i a l  value during a given expansion pro- 
cess and t h a t  the  process i s  isentropic ,  the temperature and pressure 
are conrzctec? by t h e  r e l a t i o n  

x2. 
Y 

TZ/T1 = (P2/P1) 

and equation (1) b ~ c o n e s  
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1 2  When the  approach veloci ty  ul is  small as is  of ten  t h e  case, 7 ul 
nay be  neglected, Since a turbine o r  other working device can theo- 
r e t i c a l l y  be designed t o  have zero leaving ve loc i ty  
work 'Yth t h a t  may bs derived from the gas i n  a flow process on expan- 
s ion  between the  pressures Q- and p2 i s  given by 

9' the idea l  

Where the  approach ve loc i ty  ul 
be addcd t o  the right-hand s i d e  of oquation (4) t o  obtain the t o t a l  
i dea l  work avai lable  
method of taking care of 
t o t a l  pressure i n  eqcation (4) f o r  T1 and plE respectively.  

I n  the cnse of an actual  gas the  assumption made in the  derivation 
of equations ( 2 ) ,  (3)9 and (4) that, t h e  spec i f i c  heat does not vary 
during t h e  expansion process i s  not s t r i c t l y  cor rec t9  The fundamental 
nethod of computing li'$t,h/RbTl t ha t  takes i n t o  account the var ia t ion  
i n  sp?c i f i c  h s a t  during the expansion process .is g i v m  in d e t a i l  i n  
ayi>endixes A and B, together with tht t ab les  necessary f o r  computing 
t h i s  quant i ty  f o r  a ranee of hydrogen-carbon r a t io s ,  air-f u e l  r a t i o s ,  
i n i t i a l  tcmperaturcs, arid pre:jsme r a t  i.os. 
the c i a s s i c d  process, It involves tb; computation of enthalpy and 
entropy, The data used i n  these computations and l i s t e d  i n  t a b l e  I 
were obtained from rsferences 1 t o  7 and a r e  based on spectroscopic 
measurements. 
in appendix A ,  

i s  la rge ,  the  term u12/ 2gRbTl should 

An &l.ternative and possibly m o m  ccnvenient 
u1 is  t o  use the stagnation temperature and 

T h i s  method w i l l  be ca l led  

The assumptions rnade i n  these computations are l i s t e d  

An al ternakive procedure, vrhich Icri t o  it convenient presentation 
of t h i s  iaformation an4 a s ixp l i f i ed  method of cornputation, i s  as fo l -  
l a w s :  The val-ue of WtbdRbTl was computed by the above-mentioned 
cl-assical process f o r  a given s o t  of operdting conditions (pressure 
sa-Lio, j n i t i a l  temperatar?, arid Elxhaust-gas ccmposi t ion) .  
tivt-3 value of y, 2.esignated y w a s  then computed from this value 

11 * 
9f WtJ'th/RbTl and pressure r a t i o  by mcans of  equation (4). T h i s  
value of y provicles a means o f  calc1iLatiap the value of Wtll/RbT1 
from the equcition 

An eff ec- 

h .  
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The value of the  gas comtc?nt Rb is given i n  f igure 5 plot ted 
against i 'xel-air r a t i o  and hydrogen-carbon r a t i o ,  
and ta3 les  shown, air  was assmed t o  be dry with the  comyosit5on 

I n  the f igures  

02 percent by volume 21 

which has a mean molecular weight of 28.97 ( l b ) / ( l b  mole) and a gas 
constant R ,  of 53.35 (f'i-Sb)/(lS)(%'). The method of' computing 
Rb aad yl is  described i n  d e t a j l  i n  appeadix 5. 

Ideal  terapersture drop. - For the  case i n  which the epecif ic  heats ---.- 
ar8 constant, the texqca%e r a t t o  Tz/Tl i n  an iseSl;tropic process 
i s  re la ted  t o  the p e a s w e  r a t i o  3s f o l l o ~ ~ s :  

_I Y -1 

This re la t ior :  does ns.5 appl:r i n  the ac tua l  case i n  which the spec i f ic  
kea% Tray.;- dxring %e themodpan ic  process. 
descr-i-Jec? can, however, be applied t o  %his  case. 
ka t io  f e r  any given s e t  of conditions is  coaputed 3y the c l a s s i ca l  
process from the da%a given i n  tab le  11. A n  e f fec t ive  ?due 09 y 
for temperature computatZons, deai&nated y-t;, is  then computed Prom 
eqdation (5)  ard the knom v d u e s  of temperat1:zz-e ratio and pressure 
ratlio. The -ral-.i.es of 7% vere computed over the same rangc of tem- 
p e r a t w e s  ~ pressure r a t i o s ,  and gas compositions used i n  the compu- 
tation cf yl1, As i n  the cam of yh it was found tha t  t h e  ratio 
of Yt t o  yl was a Pmction only of pressure r a t i o  i n  t h i s  ? a x e  
of conditions. The r a t i o  of the  -Jalue of yt t o  yl is  shown i n  
f igure 2(h) p l o t k d  against  2resstu-e rsttio. 
r a t t o  i n  an isentroyic  process can be coaputed from the equation 

The procedvire previously 
The teniperature 

Thus the  temperature 

2nd the data  given i n  f i g x e  2(b). 
and f igvre 2(b) t ha t  T2/Tr ma,v be presented as a function of pl/pZr 

yl. 

It is apparen't from equation ( 7 )  

A p lo t  of t h i s  function is shown i n  f igure  5. 



frcm which 
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by 
sure r a t i o  only, 

yl. wds computed and found t o  be very nearly a function of pres- 
From these data the  Quantity 

has been c o e u t e d ,  
r1. 
agYinst yl. 

y1 - The conditions 
f o r  whTh thb foregoing  presentat ion iJ.nvolvinp, the use of eff ?e-tive 
values of y is sccurate a m  dcrivzd f r n m  theore t icx l  considerations 
i n  appendix C, It is shov,n t h a t  in t he  i=angc in which l o g  y plo t ted  
against  Js/Kb is a s t r a i g h t  line, the following r e l a t ions  are obtained 
f o r  i sen t ropic  processes : 

The results a re  sho-m i n  figure 8 p lo t ted  against  
The c r i t i c21  p e s s u r c  r a t i o  i s  also shown i n  t h i s  f i g w e  plot ted 

Theoretical  basis f o r  e f fec t ive  vcilues of 
I--- 

i s  a ?;tnc%ion 0nL-j of p n 

i s  a f m c t i o n  of y1 and p1/p2; however, f o r  the  
i s  

* *  W+fl I/' 2 O 

39 Yj)/Y1 
rzng.; of conditions of present intdr .?s t ,  i t s  dt~perldenc~ on 
nug l ig ib l c  ,, 

yl 

4. T2,f?1 i s  a func t ion  only of yl and p l p 2 *  

5 .  Ah/RbT1 is a funct ion only of yl and p1/p2. The fox- 
lo:pt.Lng equations are d-.rived. (See equations (44) t o  (46) of 
appendix c * )  
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where r i s  the slo_r?e o f  the curve o f  log Y against  Js/%, Curves 
a re  g i v m  which show tha t  i n  the range of gas-turbine a$adication the 
value o f  r i s  -0.014 f o r  the following mixtures: 

Constituents Fuel-air ratio 

A i r  0 
A i r  -I- octane e 0662 
A i r  + oct’me s 100 
A i r  + benzene * 100 

The same value of r mzy Be e:cgected. t o  hold f o r  intermediate gas 
comi2ositions because the same value was found t o  hold f o r  a l l  the 
com2onen.t gases except carbon ciioxide. The range of  temFerntures over 
which the r e l a t i o n  i s  vali6- i s  newly  constant f o r  all the diatomic 
molecules considered.. 
o f  exhaust gas. Yt /?’ l  
and 9’h/9’1 given, use was aiatie o f  the fact tha t  r i s  small com- 
yare& a r i t k  unity,  The geiieral rol.?.tions, not liiiiitecl by t h i s  con- 
d i t ion ,  a r c  zive>? i n  a;,i:,e:rdix C, 

Thcse molecules a re  the chief cons t iFuents 
I n  t h e  d-crivwtdon o f  the exgressions f o r  

This analysis  govid.cn a convenient means o f  determining the 
range or“ valid-ity o f  the  method, Xxamination of the cumes o f  
log Y cgainst  Js/R~ i8ev(2d.c: t ha t  the values o f  9’ f o r  a specified 
value o f  s 5ive:i by a s t ra i .zht  l i n e  having a s l o - ~ c .  r d i f f e r s  from 
the ac tua l  value o f  Y by 0.1 psrcent  o r  l e s s  i n  the t e q e r a t u r e  
ranqe from 9000 t o  25000 F absolute. 
t heo re t i ca l  work of tem7crature com;,uted from equations (5)  and ( 7 )  
w i l l  be less than 0.1 ;?i?i*CC.:t f o r  a2 er ror  of the e f f ec t ive  values 
o f  7 of  0,I >ercent. The method. can be usec? with very good 
accuracy f o r  thermoQnamic -grocess occnrring within a terxperature 
rargc: from 7 0 C O  t o  27000 F Zbsoluto, 
the raj:gc of i i i terest  i n  ps-tur’oine work, 

The error i x  t h e  values of 

This temperature range covers 

Squations (44) t o  (46) Lpmit computation f o r  an i sen t roc ic  
process of the bemperzturc corrns-ionding t o  thc higher pressure 
(cubscr ipt  1) and the ideal- uox-1: ?::hen the temperature a t  the lowcr 
pressure (subscr ipt  2 )  i s  lmomi. For  exarRGleo the value of  ~2 
corresi2ond-ing t o  T2 c a i ~  3, obtained from f igure  4. The quant i t ies  
71, ?’ts cnn thc:i be computed from equations (44) t o  (46). 

TI 
t ions  (6) and (5),  res lxc t ive ly ,  and the e f fec t ive  values o f  
from fi,gures 6 an$- 3 a:ic?. the  value of 

and Yh 
erature  an$- idea l  work can then be obtained from equa- 

o r  9’ 
9’1. 

Working char t s  SOi- gas-turbine computations, - In f igures  9, 10, 
11, nnd 1% the same theri~o&v~amic quant i t ies  aro presented i n  a form 
tha t  tias thought t o  be more fami l ia r  t o  turbine desigiiers and 
eas ie r  t o  use. In  each case the pr inc ipa l  curves ap-2ly f o r  air and 

‘. .*. 
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t h :  corr  :ction f a c t c r s  tako cam of. other gas compositions, 
l;hsrmodyna,m?-c ix-operby given i n  my P igwe  i s  multiplied oy 211 of 
th:? cor rec t ions  sppeitring on t ha t  f i gu re ,  
xork pLot,te? agninst  presswe r a t i o  and i n i t i d  gas tempsrature 4 - 
Jlr,e twins K, 2nd KR are correction f ac to r s  t h a t  depend on the  
fuel-air  r3i,io znd hydrogen-carbon r a t io .  The values o f  VJt, taken 
from f igu re  9 are r tul t ipl isd by these correct ion f ac to r s ,  Figure 10 
shoim the  i fkl t l  j e t  ve loc i ty  p lo t ted  :,gainst pressure ratio +and -initial 

Tht: vLk,uen tnkcn from t h i s  f i g i r e  are t o  be m u l t i -  

pl ied by t b  correction fac tors  

th-? exhwst-gas compositiono 
j i l o t t d .  -1g.Ji-nst pressur 3 r a t io  f o r  varioGs i n i t i d  tempcrztures 
v:h.ues :ire t o  be multiplied by t h e  correct lon f ac to r s  

i";R 2. It  is  w s  't i n  t h i s  f i gu re  tkt the  nozzles are of thr? con- 
v e r g a t  typc a m  t h a t  t h e  mss f l m  i.s coristant abovc t b  c r i t i c a l  
pr ' s sure  r ztdo, Fi ?;dre 1 2  sf-io~~rs t lx ;  i dea l  po'rt-r per square: inch of 
riozzlu. p?i' inch of mercury of irilot wcssur<l : ~ s  a funct ion of 
i n i t i a l  tarnpxaturc 2nd prxsw-5  rx t io .  Thc values givi-n by this 

The 

Figure 9 snmm t h e  idea l  

a tu rc ,  
'I2 and KR 112 t o  correct  f o r  "r 

E'i.gurc 3.1. shours the  ideal nas5 f low ' 
These 

Kp and 
-L 

Kv, E; 2nd KR 1/2 . 
Y S  

figure must b-- mu1.tiplied by the corrcctior! f:ictors 

The method by which the  correction fxctoi-s were obtained i s  
described i n  appencli:? D, 

For tne convmience of the reader i n  p r q x r i n g  enlarged char t s ,  
the data Prom v,hi-ch tht :  curvw of tliis r m c r t  were p lo t ted  are tabu- 
l a t e d  iii tatdos 111 t o  XLII. The correction f ac to r s  Ky and Kp can 
be conputxi  from tab1-e X L Z  and f i p r e  1.l~ by the use of equations 
giv2n i n  appenciis 1). 

Samp1.e Computations 

The. following com;)uli,ztion i s  .*ivc?n t o  i l l u e t r a t e  the method of 
obtaining t h e  information fror? the t w o  sets of curves: 
to 8; (2)  f i g ~ ~ s  9 12. 

(1) f igures  3 

1. Let i t  be desirnd to conpite t h e  idea l  work, power per square 
inch, temperiture drop, mass f l o ~ r ,  and veloc i ty  f o r  the  case of exhaust 
gas having the fue l -a i r  r a t i o  of 0.09?, 5ydrogs:n-carbon r a t i o  of 0,189 
(octane), in i t ia l .  temporaturc of 1400° F (1860° F absolute) ,  i n i t i a l  
pressure of 30 iiiches of nercury absolute,  f i n a l  pressure of 10 inchas 
of mercury absol-ute, and pressure r a t i o  of 3 .  
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P.." Ided xork:  
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Tomperatme 
-- 
(9 abs.) 

540 
720 
1000 
1440 
1800 
2160 
2520 
2880 
3240 
3699 
39E0 
4320 
4680 
5c40 
5400 

(OC aba. 

300 
400 
GOO 
900 

12CC 
1CG13 
1600 
lC00 
20c0 
22co 
2400 
2603 
2800 
SZOO 

Loco 

K 

O.OOO0103 
.000147 
* 0369 
.246 
713 

1.395 
2.20 
3.955 
3.60 
4.56 
5.21 
5.77 
6.22 
6.592 
6.92 

These values a re  compu-led fi-om spectroscoyic data by means of equa- 
%ions deri-Jed by the  methods of s t a t i s t i c a l  mecLanics. 
bar-d, experimectal detemina'cion of the  camposition of exhainst gas by 
D'Alleva and Lcvell (reference 0 )  leads t o  811 average value f o r  the 
a q s i l f b r i m  eonstalzt of 3.8. 
cooled exhaust gm !laving an i n i t i a l  ternperahre probably l e s s  than 
2000° F absolute,  
t a b l e  shows a va1v.e for IC of 1.07; whereas the  value f o r  K of 3.1 
correrpords t o  a temperature of 3240O F absolute. 
dmwn from t h i s  evidence i s  tLat tho r a t e  of the water-gas react ion 
i s  so slow f o r  tempeyatures below approxhately 3240' F absolu-i;e t h a t  
f o r  exhaus%---txrbine computations the equ-ilSbrium m y  be considered as 
frozen st tiie conFosition corresponding t o  an equflibrium conu-tant of 
3.8. This is  also the bas i s  f o r  assnq$ion 1. Although t h i s  
a s s w q t i o n m y  be superseded a t  Bone l a t e r  date by a more accurate 
assmption,  it is  believed t o  be considerably more accurate than the 
assumption t h a t  gas is  in  e q x i l i b r i m  at each tempcratms i n  accor6ance 
with the  table .  

On the st'irer 

T h i s  valxe w a s  obtained by analysis  of 

At a gas temperat-ae of 2006' F nbsolu%e, the 

The conclusion 
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AP?ENDIX €3 

CLASSICAL ~ ~ ~ ~ O ~ Y ~ T A ' , , I ~ C  CALCULATION 

The method of computing Wth i s  based on the fo l lowing  con- 
siderat ions.  The heat added during a thermodynamic process i s  
equal t o  thc sum of the  changes i n  in t e rna l  energy and work 

Thus 

For thr? case of aero hGat added o r  subtracted during the  expansion 
process, incl.uding h%t arising f ron the formation and dissipation 
of turbulencc , 

dq = 0 and gNc dT - dp = 0 (13) P J 
But by t h e  gas l a w  

Then 

Rb - l o g  *- py I 
J P, ==I cP T- 

rlT 



1.9 



..' rz], - 
1 + .%' 

? 
! 
i \ 
I 
I 
! : 
c I -+ .e - i' 
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The quant i t ies  ( C O T $ ,  (HzO) ' ,  and (CO,) '  can readi ly  be 
calculated fron the known oxygen, water vapor, and fue l  quant i t ies  
and a re  given by 

Maf M,fln  ( c o p  = .. 2(02)a + 
6(m+i )  2.016 (m+1) 

( ~ ~ 0 ) '  = - Na f",, + (H20)a 
2,ci6(m+i) i 

Subst i tut ion of equations (23) in to  equation (1.1) and 'solution 
for (HZ)  gives 

The quantity 
( C O ) ,  ( C O z ) ,  and (H20) may be determined from equations (23 ) .  

(H2) may now be determined from equation (25)  and then 

and Pb a r e  obtained by takiw 
pb ' 

the weighted average of the corresponding properties cf the consti tuent 
gases as previously described, giving the re la t ions  

The Y a l U e S  O f  hb, Sb, C 



: (2:) 



dT 
P T  d s  = c 

P2 i“ 1 dp 
T* 

2’ 1. PI J1 Y B 
log - = log _ -  - -  

(28) 
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On i n t e g r a t i o n  



Talues conpute? from t h i s  r e l a t i o n  z h w  excellent agmement. wi th  
xllJ.es riven in f i g u r e  ~ ( ‘ s ) .  





f *  1 

1. The term - log - 
Yt P1 

ec!u;lt,i.cn ($8)  
can be replaced by an e x p e s s i o n  obtained €rom 

6. 
l.I 

As r is trery small. car, ?x replaced by the  first t h r e e  t E r m s  
o f  it,:: sc:ries sxpr;n:;iofi. (Sse equatiqn ( j i2 je ) .  Thus 



Thus 



yln 

'1 
.̂... t 
*,- 

s 
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ys bPing taken as 1.,'329, the  value of y for air  a t  1980' F a h o -  
lu%e. The: corrections shown i n  f i g u r e s  9 t o  1 2  are thus ac tua l ly  
s e t  up f o r  19F30° F aosolute. The e r r o r  involved i n  tho use of t h i s  
correction f a c t o r  f o r  other i n i t j i l -  t e q x r a t u r e s  i s  negl igible  

The correction factor for mass flow K,, is  given by 

?!lit 
Ths2 values of thc two 1oqari.thmic p a r t i a l  dexivatives 

!'I &' 

-y - 
tJf,h ay  

and 
- -  I' ai'' evaluat.:d f o r  a y of 1.33 using th.j formulasrfor constant 

spcxif ic  h z i t s ,  are shown i n  figure 14. The va1uc;s of the correction 
f'actors *ire prrtctically independint or" t h e  value of y used in thesi: 
computations. 
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NACA ARR NO, 4625 a s  
TABLE I 

THBRYODYUAMIC FUNCTIOIS OB EXHAUST-GAS CONSTITUENTS 

IN THE STANDARD STATE 

- 
300 
400 
600 
600 
700 
800 
900 

loo0 
1100 
1800 
1300 
1400 
1600 

- 
540 
720 
900 

la90 
3360 
1440 
1620 
1800 
1980 
2160 
2960 
2620 
2700 

3,748 .5 
5,026.3 
6,544.3 
7,704.0 
9,105.5 

1OV542.2 
12,009 
13.499 
lSrOOO 
16.6SB 
18,080 
19,636 
21,205 

4,284.8 
5,743.8 
7,237.9 
8.776 

10,368 
12,009 
13,706 
16,460 
17,266 
19,140 
21,046 
23 , OW 
25 , 017 

4,061.0 
5,755.5 
7,608.2 
9 , 590.2 

11,678 
13,855 
16,107 
18,419 
20.786 
23,195 
26,643 
28,123 
30,631 

2,682.3 
3,576.4 
4,470.5 
5,364.6 
6,258.7 
7 , 152 .8 
8,046.9 
8.94 1.1 
9,835.1 

10,729 
11,623 
12,517 
13,412 

3,665.3 
4,915.6 
6,172.7 
7,431.1 
8,096.3 
9,967.0 

11,346.4 
12,659 
13,847 
15,171 
16 , 513 
17,874 
19,264 

3,765.4 
5,010.1 
6,281.6 
v.577.3 
8,903.2 

10,261.1 
11,649.4 
13,066 
14.505 
16,967 
11,447 
18,945 
2OV4E3 

3,762.6 
5,001.6 
6.272.6 
7,556.2 
8,865.9 

10,204.6 
11,572.4 
12,967 
14,387 
15,828 
17,291 
18,769 
20.263 

I I 
Entropy at  1 atmoaphm 

31.269 47.367 45.828 
33.267 49.366 47 .e33 
34.8W 50.942 49.401 
36.101 52.254 50.701 
37.184 65 3 8 9  51 .e22 

d38 .le6 54.396 52.815 
38.964 55.304 55.710 
39.721 58.193 54.527 
40.413 56.896 55.279 
41.055 57.602 55 976 
41 A60 %8.261 58 A26 
42.210 68.876 57.234 
42.739 59.455 57.807 

1 2 2 

. .. 

pressure. Cp, (Btu)/(lb mole)(OF) 

4 -967 
7.197 8.393 9.885 4.967 

8.426 10.676 
7.671 8.690 11.324 4.967 
7.890 8.974 4.967 

9.273 12.312 4.967 

1080 
700 1260 
800 1440 
900 1620 

1000 1800 
1100 
1200 2160 
1300 2340 
1400 2520 
1500 2700 

I I I I 

I I Specifla heat at  aonstar - 
6.960 
6.991 
7.071 
7.200 
7.366 
7.516 
7.676 
7 .e21 
7.952 
8.069 
8.169 
8.252 
8.334 

2 

300 540 
400 720 
600 900 
600 1080 
700 1260 
800 1440 
900 1620 

1000 1800 
1100 1980 
1200 2160 
1300 2340 
1400 2530 
1500 2700 
Refez- 
enae-- --------.I 

6 A96 
6 -974 
6 -998 
7.008 
7.056 
7.019 
7.141 
1.220 
7.314 
7.408 
7.808 
7.613 
7.ne 

6.964 
7.013 
7.132 
7.279 
7.455 
7.629 
7.792 
7.936 
8.061 
8.175 
8.369 
8.546 
8.428 

2 

8.216 
8.341 
8.446 
8.534 
8.612 
8.671 
8.742 

9.580 
9.891 

12.689 
13,006 
13.27 
13.50 
13.69 
13.86 
14 .OO 

4.967 
4 -967 
4.967 
4 -967 
4 .e67 
4.967 
4.967 

10.196 
10.492 
10.776 
11.043 
11 .e91 

3s 4 5,  6 7 Cala . 1 1 
%aking = 0 for 602, %Os %, for CO and Q has been assuned t o  have tk valuer: 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

bValuts not appearing in  the O r i g i n a l  rtferenaes, calculated by meam of the identity E = TS + p. 

6 4 R lag T. 'Oalaulated by i d e a l  gas law, Cp = 4.967, S 

dorigha1 refertnae in error. Tabulated value taterpolated and relatlvely aaaurata 
t o  Lo.001 (Etu)/(lb mole)(°F). 
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TABLE If 

DERIVED THERMODYNAMIC FUNCTIONS OF 3ASES 

T I Factors for calculat ing enthalpy h, (Btu)/ ( lb)  

ab=*’ rA- 0 

D 
(1 )  - 

20p 224.8 
20,293 -1 
20p 350.6 
20,401.4 
2OS448.4 
20,493 
20,537 
20* 580 
20,623 
20,666 
20,709 
20,751 
20.794 

26 e 042 
60.767 

105.326 
157.18 
214.38 
276.07 
341 50 
410.00 
481 e 42 
554.75 
630.25 
707.2 5 
785. BO 

242 385.3 
242 787.5 

242,930.2 
24 2 808 
242,606 
242 , 346 
242 043 
241,699 
241,334 
240,940 
240,528 
240,101 

242,943 e 1  

619311.2 -17,694.9 129.13 
61,817.8 -17,465.8 172.48 
62,270.7 -17,121.6 216.40 
62,693.3 -16,712.2 261.13 
63,105.1 -16,279.6 306.05 
63,514.0 -15,831.5 353.62 
63,927.0 -159385.0 401.38 
640352r0 -14g96O.O 450.04 
64,788.0 -14,521.0 499.52 
658244.0 -14,124.0 549.73 
65,713.0 -L3,720.0 600.58 
66,202.0 -13,342.0 651.96 
66.701.0 -12,968.0 703.86 

ng entropy 6 ,  (Btu)/(lb)(OF) ’actors for calcula  F 

B E 

0.1733 
.2268 
.2829 
.3353 
.3846 
.4302 
.4728 
.5130 
.5508 
.5863 
.6190 
,6518 
.6815 

41.495 
42.169 

42.343 
42.234 
42.087 
41.918 
41,740 
41.559 
41.381 
41.209 
41.033 
40.874 

42 e354 

3.6312 
3.7408 
3 .a124 
3.8639 
3.9041 
3.9374 
3.9660 
3.9913 
4.0141 
4.0348 
4.0539 
4 e 0713 
4.0877 

20.534 
21.345 
21.909 
22.337 
22.609 
22.992 
23.262 
23.511 
23.741 
23.961 
24.171 
24.370 
24.563 
at  constant pressure cp, 

3.133 
1.453 

.326 - .415 - .924 
-1,297 
-1.578 
-1.797 
-1.973 
-2.116 
-2.230 
-2.351 
-2.414 

0.4183 
.3451 
,2973 
.2695 
.2540 
.2455 
.2412 

.2377 

.2375 

.2373 

.2360 

.2370 

e 2389 

2.121 
2.363 
2.468 

2.458 
2.398 
2.327 
2.241 
2.153 
2.084 

2.489 

.2460 

.2512 
,2569 
.2626 
,2679 
e 2727 
.2770 
2808 

.2841 
~ .2868 

- 8FIQZi 

2.416 
2.304 
2.266 
2.277 
2,323 
2.392 
2.429 
2.563 
2.656 
2.743 
9 .  RXA 

’The value for Eo of % and CO have been added. NATIONAL & D V I ~ ~  
COMMITTEE FOR &ERONAUfICS 
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[Data froln this table were used in preparing f i g u r e  3 of report,) 
T iijLE 111 - TEIWRETISAL W O X  AYAAII-ABLE IN AM ISENTROPIC EE'ANSION 

ra t io ,  
d P 2  

1.2 
1-4 
1 , 6  
1 a 8  
2 .o 
2 05 
3 

5 
6 
7 
8 
9 
10 

to5 

1-7332 1.7096 1,6399 1,6712 106#33 i 1.792 8 i 1 5 7700 I1 * 7L94 I L 0 7292 I 1 Y 7099 

Natimal Advisory Committee 
€ o s  Aeronautics 



~ - 4 f 3 ~ ~  TT - GAS CO'JSTANT OF COVBUSTION GASES 
[Data f rom this t.ib19 vv~seusecj. i n  preparing f igure 5 of repoi - 

Hydrogen-carbon r a t i o  - 
0.125 0,150 10,175 I 0,139 10.200 

Rb, ( f t  l b ) / ( l b ) ( q )  

3E. 

;e] 

Pres sur E 

r a t i c  

P d P 2  

1 . 2  
1 * 4  
l e 6  
1 0 8  
2 00 
2 $ 5  
3 "0 
3 05 

?O 
6 
7 
8 
9 
10 
__II- 

Ratio of spec i f ic  heats a t  inic::- temperature,  

- 
{"----- 1l.28 I ---I,- l43QxT17T\ 1.56 1 lc33 f 1-43 

Rat io  of final temperature t o  i n i t i a l  
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5:;BLE VI1 - ERTHALPY GHAIJGE AS A F U K ' i I O N  OF TE1dPEELRZ''LRE 
[nata f rm t h i s  tablewere used i n  preparing f igure  7 of report.] - 
il lemppz 

ratio, - __I 

Elatio of s p e c i f i c  heats a t  i n i t i a l  temperatwe, Y l  

1.28 I 1.30 1 1.32 1 1.34 1 1.36 1 lc38 1 1.40 
Change i n  enthalpy, - JA h/RbTl 

I I 

0.03625 
*072#4 
,1087 
,1449 
. l B l O  
03609 
6394 
7167 
5922 

1 a 4396 
1 &788 

1 e 0666 
1,2389 

0.93497 
.06992 
1348 

-1745 
I 3480 
-5204 

8611 
1.0297 

-1397 

* 6915 

1.1965 
1.3619 
1*52#8 

N a t i t m a l  Rdvisxy C c m i t t e e  
f o r  heromut ics  
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v) u 
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Fuel- 
air 

Fuel- 

0,984 /O,130 ]O,l2S 10,I~O 10.175 9*189 10.290 
c 

1,0020 
1.0039 
1,0058 
1.0078 

1,1188 
1.1485 

I I 
1 3216 
1.3146 
1.3981 

1.2909 

1 2989 

1.3172 

Matima1 Advisory Cormittee 



WACA ARR NO. 4625 F i g .  I 

Figure 1 .  - Relation between effeotive and instantaneous 
values o f  y for exhaust gas of  various eornpositions. 
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. 

Figure 2. - Ratio of effective t o  initial value of y. 
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Figure 4. - Instantaneous c-heat r a t i o  y 
f o r  exhaust gas of v ~ r i o u s  nd ‘composit ions.  
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N A C A  A R R  NO.  4825  F i g ,  7 

F i g u r e  7. - F a c t o r  for computing change  i n  e n t h a l p y .  (An 
Il-in. by 17-in. p r i n t  o f  t h i s  c h a r t  i s  a t tached . )  



critical-pressure ratio. 



N A C A  A R R  No. 4 8 2 5  F i g .  9 

F i g u r e  9. - C h a r t  f o r  c o m p u t i n g  ideal  work  i n  a g a s - t u r b i n e  
cycle. 
t h i s  c h a r t  is a t t a c h e d , )  

Wth = Wa K y  K R ~  ( A  17-in. b y  22-in. p r i n t  o f  



F i g .  I D  

Q, 
L 
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F i g u r e  I I .  - C h a r t  f 
g e n t  n o z z l e .  ~b 
p r i n t  of t h i s  c h a r  
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.................... .-_ ........ - . . . . .  
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a NATIONAL ADVISORY 
C O W I T T E E  FOR AERONAUTIC 

Figure 13. - R e l a t i o n  between l o g a r i t h m  o f  y and e n t r o p y  a t  
1 atmosphere p r e s s u  e for combustion gases; temperature 
i n t e r v a l  between p o i n t s ,  080° F. 
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Pressure rot lo, p l b p 2  

Flgure 14.  - Rate of c h a ~ g ~  of aoafloble energy and Ideal moss f l o u  
M l t h  changes In the ra t io  of spec l f lc  heats, 


